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Introduction
Low back pain (LBP) is one of the most prevalent disorders worldwide. According to the World Health Organization, six or seven out of every ten individuals will experience at least a single episode of LBP in their lifetime [1] . A review of 165 studies in 54 countries reported that the point prevalence of LBP was 11.9 ± 2.0% and that the one-month period prevalence was 23.2 ± 2.9% [2] . Furthermore, a global analysis using years lived with disability (YLD) showed that LBP was the leading cause of disability, incurring 57.6 million YLDs, and a similar analysis on disability-adjusted life years (DALY) found that LBP, together with neck pain, was one of the three most common causes for DALYs [3, 4] .
The treatment options for LBP include physical therapy, exercise therapy, manual therapy, education, cognitive behavioral therapy, pharmacologic therapy, and invasive procedures [5] . Clinical guidelines recommend surgery for LBP only in specific cases, e.g., after failure of more than two years of conservative treatment. Spinal fusion has no increased benefits over intensive rehabilitation for non-radicular LBP; open or microscopic discectomy may confer short-term benefits in terms of pain reduction and improved function, but long-term benefits are elusive [5] [6] [7] [8] . Undoubtedly, surgery is not recommended for non-specific LBP [9] . The benefits of spinal surgery have not been firmly established, and such procedures are still associated with considerable financial cost [10] and risks, such as adjacent segment degeneration [11, 12] , reoperation [13] , and failed back surgery syndrome [14] . Nevertheless, the lumbar surgery rate continues to rise worldwide [15] [16] [17] .
Treatments that are outside the scope of modern medicine are commonly referred to as complementary and alternative medicine (CAM), the best known of which are acupuncture, manual therapy, yoga, and herbal medicine [18] [19] [20] . Acupuncture, in particular, is regarded to modulate pain through regulation of connective tissue [21] , nervous system fibers [22] , and endogenous neuropeptides [23] . Systematic reviews and trials found that acupuncture alleviates chronic LBP and improves function when used alone or in combination with other therapies [24] [25] [26] , and that it decreases the societal and medical costs of LBP [27] ; likewise, it is being recommended for conservative treatment of LBP in the updated 2017 American College of Physicians' guideline [28] . The subject yet remains controversial as the National Institute for Health and Care Excellence guideline for LBP recommends against its use [29] , whose judgement has also been criticized [30, 31] . Synthesis of ten clinical practice guidelines concluded that acupuncture should be judiciously added onto usual care for additional symptomatic relief of chronic LBP [32] . Such controversy necessitates more investigation of acupuncture and its use for LBP to be conducted. To date, there has been no report on lumbar surgery rates of LBP patients who received acupuncture treatment vs. those who did not.
Health care in South Korea is provided by the National Health Insurance Service (NHIS). The enrollment rate has increased markedly since the 1980s, with about 97.2% of the entire Korean population receiving national health insurance benefits in 2013 [33] . In 2002, the NHIS created the NHIS Sample Cohort Database, which includes data of 1,025,340 subjects. The database was constructed with stratified sampling with regard to age, sex, and income, and thus adequately represents the whole Korean population [34] . The universal insurance coverage and stratified sampling help to avoid selection and participation bias. Furthermore, the longitudinal nature and large size of the database enable studies that require longer followup periods than typical trials. The database contains all records of acupuncture treatments and lumbar surgeries-items covered in the Korean health care system-without any recall bias which is often observed in self-reports from patients.
LBP may indicate a disorder in itself or a symptom manifesting as a result of other disorder (s). In this study, patients who were diagnosed of any disorder, with chief complaint of which includes but is not limited to LBP, were regarded as LBP patients. Through analysis of the NHIS Sample Cohort Database, the authors aimed to investigate whether acupuncture treatment is associated with any change in lumbar surgery rate for LBP patients in Korea.
Methods

Data source
The NHIS Sample Cohort Database for 2002-2013 was analyzed in the present study. All medical procedures performed in South Korea fall under either covered or non-covered items. In the case of covered items, incurred medical costs are co-payed by the NHIS and the patient. For reimbursement of the co-payment, each medical institution submits insurance claims reports to the NHIS containing detailed information about the services provided. Through compilation of such claims reports, the NHIS Sample Cohort Database was created for research purposes. Subjects who are lost due to death, immigration, or disqualification are replaced with newborns. The database contains information on claims reports, hospital billing, disease and injury reports, and prescription reports. Where applicable, each item of information is classified into medicine, Korean medicine, dentistry, or pharmacy. Prior to public release, patients' personal information has been de-identified by the NHIS.
Study design
The period from January 1, 2002 to December 31, 2003 was set as the wash-out period to discard LBP subjects with possible medical history that cannot be identified within the dataset. Only the records of patients newly diagnosed with LBP were then identified from January 1, 2004 to December 31, 2010. The disorders of interest were those with LBP as the major symptom. Based on a previous study [35] and a discussion among the investigators, the following diseases and injuries were selected:
Ã (biomechanical lesions), and S33 Ã (dislocation, sprain, and strain of joints and ligaments of the lumbar spine and pelvis). The selected disease codes were comparable with those selected in similar literatures [35] [36] [37] (S1 Table) . Before the Korean Classification of Disease was unified in 2010 to be adopted by all conventional medicine and Korean medicine practitioners, Korean medicine doctors had used an independent disease classification system up to 2009. Therefore, J10
Ã (LBP and lower extremity pain) and H354 (injury of soft tissue component, lumbar) were searched for for LBP treatments given by Korean medicine practitioners until December 31, 2009; M43 Ã through S33 Ã were searched alike thereafter. Patients with the above disorders as either primary or secondary diagnoses were defined as LBP subjects. Given that patients may cross-visit conventional medical and Korean medical facilities, duplicate cases were removed using their unique identification number, which was randomly generated only to be used within the dataset for identification purposes. The total number of LBP patients in Korea was thus calculated as the sum of those visiting either type of medical institution. The patients were then divided into an acupuncture group and a control group, for comparison of lumbar surgery rates (Fig 1) .
Group assignment
Patients who had no record of acupuncture treatment after the first LBP-related visit were assigned to the control group. The acupuncture intervention was defined as at least two acupuncture sessions within six weeks of the first LBP-related visit, as the authors contemplated that (1) a single session would not be sufficient to be analyzed as an acupuncture case, and (2) sporadic visits for treatment may imply that the subject is not a true case of LBP. Only those who met this definition were included in the acupuncture group; the rest who did not were discarded. Acupuncture treatment was identified using the codes 40011 Ã (acupuncture, single body part) and 40012 Ã (acupuncture, multiple body parts), which are mutually exclusive.
Propensity score matching
Adjusting for disease severity in each study group was considered critical in the plan to assess the potential association between acupuncture therapy and the likelihood of lumbar surgery. However, due to the nature of the data included in the NHIS Sample Cohort Database, it was difficult to infer information about the severity of a patient's disease from the claims report as no imaging data, such as magnetic resonance images, were available. Furthermore, data on specific modalities, e.g., medication and injections, could not be used for matching as they were prescribed after the first visit. In this study, we used propensity score matching to adjust for the two groups. Propensity scores indicate the patients' propensity to choose a certain type of treatment, and may be utilized to construct similar control groups in observational studies [38] . In this study, the propensity score was calculated based on sex, age, income level, and Charlson Comorbidity Index (CCI); 1 to 1 matching was conducted taking into account the size of each group. Subjects not included in the 1 to 1 matching in each group were removed. The original data presented age as a categorical value of 5-year age intervals; for the current study, subjects were re-assigned to 10-year age intervals, as have been by Kim et al. [39] To achieve an even size across all income groups, income level was defined as 'upper' in the top three deciles, 'lower' in the bottom three deciles, and 'middle' in the rest. The CCI was computed according to the international classification of disease, tenth version (ICD-10) using the methodology devised by Quan et al. [40] . Existing comorbidity was identified if a corresponding diagnosis code was present in the patient's medical record within the year prior to the date of first LBP-related visit.
Outcome variables and additional analysis
Propensity score-matched subjects in the acupuncture group and control group were included in the final analysis, in which incidence of lumbar surgery was the outcome of interest. Based on a previous study [35] and authors' discussion, lumbar surgery was defined as N0444, N0445, N0446, N0447, N0453, N0466, N0469, N1493, N1494, N1495, N1496, and N1499 (Arthrodesis For Spinal Deformity, Vertebral Corpectomy, Arthrodesis of Spine-Lumbar Spine, Diskectomy (Invasive)-Lumbar Spine, Diskectomy By Endoscopy, Injection Procedure For Chemonucleolysis, Aspiration Procedure of Nucleus Pulposus of Intervertebral Disk and Laminectomy, Lumbar Spine). These codes, specific to Korea, were also comparable to similar studies conducted in Korea [35, 39, 41] (S2 Table) . Using the same observation period after the first visit date in both study groups may introduce survivorship bias in favor of the acupuncture group. Therefore, the analysis period was set as two years after the first visit in the control group, and two years after the first acupuncture session in the acupuncture group. Occurrence of lumbar surgery during the period above was investigated, and the surgery rates in both groups were compared.
To ascertain the robustness of the analysis, both groups were additionally compared with stratified analyses according to age, sex, and income level variables. Sensitivity analyses were further conducted by modulating the numbers (i.e., the treatment window and number of sessions) defining the intervention, which was originally determined as at least two sessions within six weeks following the initial LBP-related visit.
Statistical analysis
Demographic characteristics and surgery rates were compared between the study groups using chi-squared test or Student's t-test. Logistic regression was used for propensity score matching. The Cox proportional hazards model was used to calculate hazard ratios (HRs) and 95% confidence intervals (CIs). The cumulative surgery rate in each group was computed using KaplanMeier analysis. The statistical analyses were conducted using SAS version 9.4 (SAS Institute Inc., Cary, NC, USA) and Stata 14 (StataCorp, College Station, TX, USA). A two-sided p-value <0.05 was regarded as statistically significant.
Ethics statement
The current study was reviewed and qualified as an exemption by the Institutional Review Board of Jaseng Hospital of Korean Medicine, Seoul, Korea (JASENG 2017-11-001). As the study analyzed publicly available data, no consent was obtained by the authors; all personal information was de-identified by the NHIS prior to public release. The principles expressed in the Declaration of Helsinki have been adhered to in the analysis.
Results
Demographic characteristics and propensity score matching
Between 2004 and 2010, a total of 502,264 patients were newly diagnosed with LBP. Of these patients, those with no records of acupuncture were assigned to the control group and those who met the pre-defined acupuncture treatment criteria (at least two sessions within six weeks) were assigned to the acupuncture group. All remaining subjects, i.e., subjects who had record(s) of acupuncture treatments but failed to suffice the above criteria, were removed. Finally, 138,207 patients were included in the acupuncture group and 143,632 patients in the control group.
Before matching, the two study groups significantly differed in age, sex, income, and CCI. The acupuncture group was generally older than the control group and the proportions of women and high-income subjects were higher in the acupuncture group. The CCI was also higher in the acupuncture group than in the control group (Table 1) .
The demographic characteristics of the patients in the study groups were then re-investigated after matching for age, sex, income, and CCI. After 1 to 1 matching, 130,089 subjects remained in each group. The post-matching groups showed no significant differences with regard to age, sex, income, or CCI (Table 2) .
Overall and stratified analyses
Lumbar surgery rates of the matched acupuncture group (followed-up to two years after the first acupuncture session) and the control group (followed-up to two years after the first visit) were compared. Seven hundred and one patients in the acupuncture group and 1,104 patients in the control group underwent lumbar surgery within the follow-up period, representing rates of 0.54% and 0.85%, respectively. The difference in likelihood of lumbar surgery between the acupuncture group and the control group was statistically significant (Control, ref; acupuncture group, HR 0.633, 95% CI 0.576-0.696). The result was also consistent prior to matching (HR 0.636, 95% CI 0.580-0.697). The lumbar surgery rates of the matched acupuncture and control groups are shown with Kaplan-Meier survival curves (Fig 2) .
Next, stratified analyses were conducted to examine whether this difference was consistent across different age, sex, and income strata. While the HR for lumbar surgery in patients in their 20s was not statistically different between groups (HR 1.031, 95% CI 0.804-1.323), the acupuncture group had a significantly lower HR for lumbar surgery compared to the control group in all other age strata, i.e., 30s and older. In the sex-stratified analysis, the HR for lumbar surgery was lower in the acupuncture group for both men and women compared to the control group of the corresponding sex, respectively. Reduction of HR in the acupuncture group was greater in women than in men. Finally, in the income-stratified analysis, the HR was consistently lower in the acupuncture group than in the control groups for all three income strata. The HR in the acupuncture groups was further reduced in the upper income group than the middle or the lower groups (Table 3) . 
Sensitivity analysis
The overall and stratified analyses showed that acupuncture treatment was associated with a significantly lowered lumbar surgery rate; and that the result was consistent across all strata, except for subjects in their 20s. To test the robustness of the findings, we performed sensitivity analyses by modulating the definition of acupuncture treatment (at least two sessions within six weeks after the first visit for LBP). First, the required number of sessions was altered to be at least two, three, four, or five; the treatment window was fixed as six weeks following the initial visit. The results consistently support that HR for lumbar surgery in the acupuncture group is lower than that in the control group, with no particular trend with regard to the minimum number of sessions. Next, the treatment window was modulated as five, four, three, two, or one week(s) after the first visit; the minimum number of acupuncture sessions was fixed as two. While the results, again, consistently supported decreased HR for lumbar surgery in the acupuncture group, the HR showed a further decreasing trend as the treatment window was shortened (Table 4 ).
Discussion
The current study investigated whether administration of acupuncture treatment is associated with a change in lumbar surgery rate for LBP patients. Of all modalities used to treat and manage LBP, lumbar surgery tends to be accompanied by more complications (e.g., infection and failed back surgery syndrome), poses a greater financial burden than non-invasive procedures, and does not necessarily ensure successful outcomes [42] . A retrospective observational study of 200,000 patients in the U.S. reported that the mean direct cost for LBP patients was $7,211, whereas the mean direct cost of the subset who underwent surgery was $33,931 [43] . Non-invasive management of LBP, where appropriate, is therefore of heightened importance both for individuals and the overall health care system. The present findings indicate that acupuncture treatment is associated with lower HR for lumbar surgery in LBP patients, and that the association was consistently observed across sexes, all income levels, and all age groups except for patients in their 20s. One interesting finding was that the acupuncture-associated decrease in HR was more evident in older age groups as it more than halved in patients aged 60 years or older. The surgery rate of patients in their 20s was about two-thirds of the overall rate. The acupuncture-associated decrease in HR may not have been observed in specific subsets as there was not much margin of improvement to begin with, whereas the opposite may be true for older populations. Contrasting etiology for different age groups (i.e., acute or traumatic for the young vs. chronic or degenerative for the aged) may also explain the phenomenon. In addition, difference in medical service preferences (i.e., conventional vs. Korean medicine) among various age groups, especially as observed in those in their 20s, may affect the choice of whether to receive surgery or not. It should be noted, however, that the number of patients aged in their 20s was similar to other age subsets in the acupuncture group. Although we could not infer any sex-related trend, the association between acupuncture and lumbar surgery seemed to be greater in women. Similarly, the association was greater in the upper income groups. In addition, high-income patients were observed to receive acupuncture therapy more often, prior to matching. As mentioned before, different preferences among various strata (i.e., men vs. women, high income group vs. others) may affect the patients' choice to undergo surgery or not, or to receive acupuncture treatment or not. This may explain the observation that the percentages of women and high-income patients were higher in the before-matching acupuncture group, which phenomena were similarly observed in the U.S. and Canada as well [44, 45] . Sensitivity analyses were conducted by modifying the definition of acupuncture treatment to investigate the robustness of the results. When the intervention was defined as at least three, four, or five sessions with the treatment window fixed as six weeks, the decrease in the HR remained largely consistent across the number of sessions and revealed no particular trends. On the other hand, when the treatment window was shortened to five, four, three, two, or one week(s) with the number of sessions fixed as at least two, HR for lumbar surgery in the intervention group showed a further decreasing trend. To clarify, the shortened treatment window does not necessarily dictate that the treatment was terminated within the specific treatment window; rather, those who failed to suffice the minimum number of sessions, i.e., two, within the given treatment window were excluded from the analysis. Any treatment that occurred outside the treatment window did not affect the inclusion/exclusion status of the subject; only the sessions that occurred within the treatment window, i.e., six to one week(s), were of interest and determined whether the subject belonged to the intervention group or not. Hence, the modified definition of the acupuncture intervention with shortened treatment window may be interpreted as more intensive acupuncture care given within a shorter period of time. The latter finding, therefore, implies that the likelihood of lumbar surgery may be further lowered if active acupuncture treatment is provided more intensively following the onset of LBP.
The current results show that 0.69% of LBP subjects (1,805 cases out of 130,089 subjects) underwent surgery during the observed period whereas a similarly conducted study in U.S. soldiers reported a surgery rate of 1.94% (7,446 cases out of 383,586 subjects) [46] . As widely known, spinal surgery rates vary greatly across countries and regions, although the prevalence of spinal disorders is similar worldwide [47, 48] , which may be explained by differences in medical service accessibility, economic development, clinician education, etc. It should be also noted, however, that direct comparison of the rates observed in this cohort study may not be appropriate as definition of disorders, observation period, and population characteristics may vary across studies. On the other hand, the current results indicate that the annual incidence of lumbar spinal surgery in Korea approximated to 25.8 cases per 100,000 (annualized total cases/total cohort subjects). The number is comparable to the 23.1 cases per 100,000 observed in Australia [49] , but much less than the 164 cases per 100,000 (fusion only) observed in the U.S. where the spinal surgery rate is increasing alarmingly [50] .
Two hypotheses may explain the present findings. The first is that acupuncture manages LBP effectively, thereby decreasing the need for lumbar surgery. The American College of Physicians recommend that non-drug treatments, including acupuncture, should precede drug therapy for acute and chronic LBP and that non-drug therapies with proven efficacy, such as acupuncture, should be performed in patients who do not show improvement using self-care measures [28] . While a number of literature reviews have concluded that acupuncture alleviates pain and improves function in acute and chronic LBP and that it can be used alone or in combination with other treatments [51] [52] [53] [54] , critics recommend against acupuncture claiming that the evidence is insufficient and the mechanism of action is unclear [55] . Future studies are nonetheless called for to draw stronger conclusions, as the subject still remains controversial due to the divide between advocates' and critics' points of view [29] [30] [31] 55] .
The second hypothesis is that a multidisciplinary approach between conventional and Korean medicine may lower lumbar surgery incidence. An additional analysis was conducted to identify all LBP-related medical visits of subjects in both groups. The number of visits to each type of medical care, types of specialist visited, and frequency of treatments given were investigated. The results show that 52,508 subjects out of 130,089 patients in the acupuncture group (40.36%) also received conventional medical care for a similar number of visits compared to the control: an average 12.65 vs. 10.51, respectively. The types of specialists visited and types of care given were also comparable between the two groups (S3 Table) . Therefore, it may be stated that the acupuncture group subjects were more likely to be provided with multidisciplinary care including usual conventional treatment, whereas the control subjects were only provided with conventional medical care. As reported by a cohort study in the U.S., multidisciplinary decision-making led to decreased incidence of lumbar spinal surgery [56] . Referral for surgery may be found unnecessary in second opinions given by different healthcare professionals [57, 58] and through a multidisciplinary approach, patients may be offered more diverse conservative treatments which should be sufficiently explored before surgery [6, 56] . The above hypotheses may explain the findings where acupuncture treatment for LBP was associated with less lumbar surgeries performed.
One of the strengths of this study is the use of a nationwide database to ensure national representativeness. The NHIS Sample Cohort Database was constructed to represent South Korea as a nation, as opposed to merely representing a particular region, sex, or age, and its validity has been established [38] . Further, more than 260,000 individuals were analyzed, contributing to the high reliability of the findings. Actual claims reports determined whether or not acupuncture and/or surgery were given. Thus, we did not have to rely on patient recall or personal accounts, thereby avoiding introduction of several sources of bias. We were able to search all cases of acupuncture treatment and surgeries without loss to follow-up.
A limitation of the study was that disease severity could not be matched between the study groups. In decision-making of surgical treatments, patient factors such as neurological symptoms, functional disability and objective defects of anatomical structures should be considered [6, 59] ; the present database is comprised of claims data and thus does not contain such clinical factors, e.g., radiological evaluation findings, functional limitations, pain, etc. The possibility that subjects in the control group may have had higher pain and functional limitations, or vice versa, cannot be ruled out. Such limitations should be taken into consideration when interpreting the current results. However, each group included about 130,000 individuals, so the authors speculate that disease severity would be similar between study groups per the law of large numbers, but clear evidence to support this assumption is lacking. To address this problem, we performed propensity score matching and compared overall LBP-related medical service usage between the two groups (S3 Table) . Prospective studies in the future are needed to investigate whether acupuncture affects lumbar surgery rates in patient samples with LBP of similar severity. Likewise, any difference in the severity between subjects who underwent surgery and those who did not, for both groups, could not be identified. Even though the number of acupuncture sessions received by those who underwent surgery and those who did not were similar (S4 Table) , this finding does not necessarily indicate that they were in the same condition to consider surgical treatments. Furthermore, this study only investigated patients with newly diagnosed LBP. In clinical practice, the natural course of LBP may differ depending on whether it is acute or chronic and according to the presence of radicular pain. However, we could not predict the type of LBP at the time of onset based solely on a database containing data from claims reports. Moreover, the present database has been constructed from the claims report of insured items only; non-insured medical treatments are inherently beyond the scope of this database. While the subjects of both acupuncture and control groups may have been provided various non-insured medical treatments, any discrepancies in non-insured treatments between groups or subjects could not be sufficiently addressed. This issue should be regarded as an innate limitation characteristic of this database. Finally, the acupuncture treatment in this study was defined from a legal and administrative perspective in that acupuncture is a needling procedure conducted by Korean medical doctors who are licensed by the Korean government. While the definition reflects real-world clinical settings (i.e., the technique was chosen based on the practitioner's education, professional experience, and preference), it may differ from strictly controlled acupuncture types used in clinical trial environments.
Conclusion
The present study investigated whether acupuncture treatment is associated with lumbar surgery rates in patients with LBP by analyzing the NHIS Sample Cohort Database. As the results show, acupuncture treatment was associated with a significant decrease in HR for lumbar surgery, and the findings were consistent across all sex, income, and age groups with an exception of subjects in their 20s. This decrease tended to become greater with advancing age and in groups with higher incomes. Sensitivity analyses with adjustment for the acupuncture treatment period and frequency confirmed the robustness of the study findings, and suggested that intensive implementation of acupuncture after the onset of LBP was associated with a greater reduction in the likelihood of lumbar surgery. The findings of this nationwide, retrospective cohort study indicate that acupuncture is associated with significantly lowered lumbar surgery rates in patients with LBP. Funding acquisition: In-Hyuk Ha.
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